Abstract A 74 year old man had recurrent ventricular tachycardia, which was well controlled with amiodarone, and complete heart block for which a VVI permanent pacing system had previously been implanted. After an elective increase in the programmed pacemaker rate from 70 to 82 beatsimin, there was recurrence of frequent episodes of ventricular tachycardia. Each episode of tachycardia was initiated by a fusion beat consisting of a ventricular extrasystole and a paced beat. When the pacemaker rate was reprogrammed to 70 beatsimin the episodes of tachycardia ceased abruptly. It is proposed that the fusion of a ventricular extrasystole with a pacemaker beat may have induced ventricular tachycardia, even though neither of these beats occurring separately was sufficient to cause this. (Br HeartJ 1994;71:481-483) Pacemaker-mediated tachycardias are uncommon in patients with chronically implanted and correctly functioning VVI pacing systems, in the absence of acute ischaemia or metabolic disturbance. This is due to the sensing functions that prevent the delivery of a pacemaker impulse during the vulnerable part of the cardiac cycle. We describe a patient whose pacemaker was implicated in the occurrence of ventricular tachycardia despite normal pacemaker function and appropriate settings of the sensing values. Case report A 74 year old man was admitted to hospital after an episode of dizziness that was associated with rapid palpitation then collapse but not loss of consciousness.
the programmed pacemaker rate from 70 to 82 beatsimin, there was recurrence of frequent episodes of ventricular tachycardia. Each episode of tachycardia was initiated by a fusion beat consisting of a ventricular extrasystole and a paced beat. When the pacemaker rate was reprogrammed to 70 beatsimin the episodes of tachycardia ceased abruptly. It is proposed that the fusion of a ventricular extrasystole with a pacemaker beat may have induced ventricular tachycardia, even though neither of these beats occurring separately was sufficient to cause this. (Br HeartJ 1994; 71:481-483) Pacemaker-mediated tachycardias are uncommon in patients with chronically implanted and correctly functioning VVI pacing systems, in the absence of acute ischaemia or metabolic disturbance. This is due to the sensing functions that prevent the delivery of a pacemaker impulse during the vulnerable part of the cardiac cycle. We describe a patient whose (fig 2) provided evidence that the tachycardias were triggered by the pacemaker. These initiating beats were of a different configuration from the usual paced beats and therefore represented fusion of separate impulses arising from the pacemaker and a ventricular ectopic focus. Furthermore, the ventricular extrasystoles that inhibited the pacemaker output did not cause ventricular tachycardia ( fig 2B) . The analysis of the recorded electrocardiograms showed that the ventricular extrasystoles occurred at a variable coupling interval of 640-720 ms, and that they were all of similar configuration. Those extrasystoles with a short coupling interval (653(41) ms) inhibited the output of the pacemaker and did not cause ventricular tachycardia. The ventricular extrasystoles with a long coupling interval that was close to the programmed cycle length of the pacemaker (710(14) v 732 ms) failed to inhibit the pacemaker output, presumably because depolarisation from the extrasystole had not spread to the pacemaker electrode site in time to inhibit the pacemaker. The resulting fusion beat usually triggered ventricular tachycardia. the association of the tachycardias with the change in the rate of the pacemaker. Firstly, the presence and frequency of ventricular extrasystoles may be closely related to the underlying heart rate,I and in our patient ventricular extrasystoles were much more frequent when the pacing rate was 82 beats/mm compared with 70 beats/min. Secondly, the relation between the coupling interval of the ventricular extrasystoles and the pacemaker cycle length was changed when the pacemaker rate was increased. At the increased rate of 82 beats/min, there was near synchrony between the two sources of depolarisation, and this caused the fusion beats that were critical in triggering the episodes of ventricular tachycardia.
In this patient, the combined activation of the ventricular ectopic focus and the pacemaker was necessary to cause ventricular tachycardia, whereas the activation of either source alone was insufficient. It is possible that the near synchronous activation of two separate ventricular ectopic foci may be an important mechanism for the occurrence of ventricular tachycardia. This would not normally be detectable on the surface electrocardiogram as the resulting fusion beat would be indistinguishable from an extrasystole arising from a single focus. In our patient, however, the impulses of the pacemaker acted as markers that allowed the separate origins of the fused beats to be distinguished.
Pacemaker mediated tachycardias may complicate the fimction of dual chamber pacing systems and sensor driven single chamber rate adaptive pacemakers.2 Rarely runaway pacemakers cause potentially lethal tachycardias.3 In all these cases the tachycardia is both initiated and sustained by the pacemaker. By contrast, the tachycardia in this case was triggered by an interaction between the pacemaker and the ventricular extrasystoles, but was self-sustaining. Tachycardias mediated by pacemakers are rare in patients with chronically implanted, normally fumctioning VVI pacemakers in the absence of acute ischaemia or metabolic disturbance, but when they do occur it is most often due to the occurrence of a pacing impulse during the T wave. This is normally prevented by appropriate sensing functions. Four cases have been described4 in which ventricular tachycardia was initiated by correctly timed impulses from nornally functioning VVI pacemakers. These cases differed from our report in that the QRS configuration of the paced beats was sinilar to that during the tachycardia,4 and the mechanism of initiation of tachycardia depended on the close proximity of the tachycardia circuit and the pacemaker electrode. In the three patients studied with ventricular mapping4 the re-entry circuit was indeed found to be close to the right ventricular apex and the pacing electrode tip. In none of the four cases described4 was tachycardia initiated by a fusion beat, as was the case in our patient.
In summary, this is an unusual complication of reprogramming a pacemaker. As far as we know, it is the first reported case of ventricular tachycardia induced by the fusion of a pacemaker impulse and a ventricular extrasystole, and it indicates that fusion beats arising from two separate foci within the ventricular myocardium may trigger ventricular tachycardia when activation from either focus individually is insufficient to initiate tachycardia. 
